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(54) STARTER OF INTERNAL COMBUSTION ENGINE FOR VEHICLE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide starter of an internal combustion 
engine for a vehicle, which enables a generator motor to be downsized 
without decreasing starting properties of the internal combustion engine. 
SOLUTION: The generator motor 3 is regularly stopped in a prescribed 
reference stop angle position when the engine comes to a stop. 
Consequently, during the start of the engine, an armature current having 
optimum phase can be applied (without a phase shift) to the generator 
motor 3, serving as a synchronous machine, from the time immediately 
after the start of the engine, an optimum torque (preferably, a maximum 
torque) can be obtained, and the engine can be reliably started even by 
means of the small-sized generator motor 3. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A generator motor which consists of a synchronous machine which is combined with an internal combustion 
engine for vehicles possible [ torque transfer ], and puts said internal combustion engine for vehicles into operation An 
angle sensor which detects the predetermined criteria angular position of said generator motor, and calculates the 
angular position of said generator motor based on said criteria angular position A control section which controls said 
generator motor It is the internal combustion engine starting system for vehicles equipped with the above, when 
stopping said internal combustion engine for vehicles, said control section controls said generator motor based on an 
output signal of said angle sensor, and makes the predetermined criteria halt angular position suspend said generator 
motor, and said criteria halt angular position is characterized by being set up said criteria angular position or 
immediately after that. 

[Claim 2] Said control section is internal combustion engine starting system for vehicles characterized by controlling 
percentage reduction of said rotational speed so that it asks for a presumption time from which rotational speed is set to 
0 on the occasion of a halt of said internal combustion engine for vehicles in internal combustion engine starting system 
for vehicles according to claim 1 and the angular position of said generator motor turns into said predetermined criteria 
angular position at this time. 

[Claim 3] A generator motor which consists of a synchronous machine which is combined with an internal combustion 
engine for vehicles almost without slipping, and puts said internal combustion engine for vehicles into operation An 
angle sensor which detects the predetermined criteria angular position of said internal combustion engine for vehicles, 
or said generator motor, and calculates the angular position of said internal combustion engine for vehicles, or said 
generator motor based on said criteria angular position A control section which controls said generator motor It is the 
internal combustion engine starting system for vehicles equipped with the above, and said control section is 
characterized by performing energization phase control to said generator motor based on a predetermined phase angle of 
said generator motor equivalent to the maximum ****** location of said internal combustion engine for vehicles. 
[Claim 4] It is the internal combustion engine starting system for vehicles characterized by setting said criteria halt 
angular position as said criteria angular position or the immediately after location in internal combustion engine starting 
system for vehicles according to claim 3. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the internal combustion engine starting system 

for vehicles. 

[0002] 

[Description of the Prior Art] To connect a generator motor instead of preparing a starter and an AC dynamo for the 
internal combustion engine for vehicles according to an individual in recent years, to perform engine starting, 
regenerative braking, a generation of electrical energy, torque assistance, etc., and to aim at a fuel consumption 
improvement with this generator motor, is tried. Although the engine and generator motor in this generator motor joint 
mold power unit that also calls these internal combustion engines and generator motor association a generator motor 
joint mold power unit can consider hereafter the belt coupling scheme combined by the usual belt, the slipping-less 
coupling scheme which connects through a timing belt or a reducing-gear style, and a point to point system, in a 
slipping-less coupling scheme, the angle play in a predetermined smallness range exists, and the angle gap between 
slipping, i.e., an engine, and a generator motor does not exist in a point to point system. 

[0003] In this kind of generator motor joint mold power unit, a synchronous machine is mainly adopted in respect of 
effectiveness etc. In order to control a synchronous machine, the Rota angular position needs to be detected, therefore 
the axis of rotation of a generator motor joint mold power unit is equipped with an angle sensor. 
[0004] 

[Problem(s) to be Solved by the Invention] however, the thing for which the absolute mold rotary encoder which can 
always detect an angle absolutely, and the incremental mold rotary encoder of the high resolution which counts the 
angle pulse from it on the basis of the predetermined criteria angular position are adopted ~ the point of cost or an 
installation space — it is not easy and, for this reason, the angular position is outputted for every 60 electrical degrees of 
a generator motor - very low - it is common that the angle sensor of resolution is adopted. 

[0005] however, in the angle sensor of low resolution which outputs the angular position for every 60 electrical degrees 
as mentioned above The angular position cannot be decided until it rotates about 60 degrees in the next starting, when it 
stops just behind an angle detection location. Consequently, the phase angle difference of the armature current over the 
Rota (field bunch) location of a synchronous machine could not be controlled optimally, but there was a problem that 
required torque may be unable to be acquired. Since a generator motor needs to generate very large torque at the time of 
engine starting, this problem becomes much more serious. 

[0006] Of course, although engine starting is possible if a generator motor is enlarged, the solution of enlarging a 
generator motor in vain a sake [ at the time of engine starting ] is difficult to adopt on cost. 

[0007] It sets it as the purpose to offer the internal combustion engine starting system for vehicles in which physique 
contraction of a generator motor is possible, without making this invention in view of the above-mentioned trouble, and 
worsening an internal combustion engine's startability. 
[0008] 

[Means for Solving the Problem] A generator motor which consists of a synchronous machine which internal 
combustion engine starting system for vehicles according to claim 1 is combined with an internal combustion engine for 
vehicles possible [ torque transfer ], and puts said internal combustion engine for vehicles into operation, In internal 
combustion engine starting system for vehicles equipped with an angle sensor which detects the predetermined criteria 
angular position of said generator motor, and calculates the angular position of said generator motor based on said 
criteria angular position, and a control section which controls said generator motor When said control section stops said 
internal combustion engine for vehicles, it controls said generator motor based on an output signal of said angle sensor, 
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and makes the predetermined criteria halt angular position suspend said generator motor. Since the predetermined 
criteria halt angular position is made for said criteria halt angular position to be characterized by being set up said 
criteria angular position or immediately after that, i.e., to always suspend an engine according to this configuration Rota 
of a generator motor by which slipping-less association (for example, direct connection, timing-belt association, or gear 
association) was carried out to this engine will always stop to the predetermined halt angular position (it is also called 
the criteria halt angular position) corresponding to the criteria halt angular position of the above-mentioned engine. 
Therefore, next, on the occasion of engine starting, even if it can pass the armature current (have no phase shift) of the 
optimal phase to a generator motor which is a synchronous machine from immediately after engine starting, it can 
acquire optimal torque (suitably maximum torque value) to it and it uses a small generator motor for it, an engine can be 
certainly put into operation. Furthermore, a point that an angle sensor detects the criteria angular position and Rota of a 
generator motor generates a pulse signal with this configuration or immediately after [ its ] (an engine and a generator 
motor are stopped in a location rotated to an engine hand of cut only (it is less than 5 times at an electrical degree 
suitably).) Therefore, since a generator motor has stopped to the criteria angular position at the time of engine starting, 
an armature current phase in this criteria angular position can be set up without a phase shift, a phase presumption error 
of the armature current can be reduced, and generating torque of a generator motor can be optimized. 
[0009] In addition, in engine starting, rotational speed (angular velocity is sufficient) shows a upward tendency 
modulated by the angle change property of engine pumping torque at a period after detecting the criteria angular 
position whose angle sensor is the first time as mentioned above until it detects the following criteria angular position. 
[0010] Therefore, if the present angular position is presumed based on a rotational-speed (angular velocity)-time amount 
property memorized beforehand, an angle presumption error can be reduced at a period until it detects the following 
criteria angular position from this first criteria angular position. 

[001 1] In internal combustion engine starting system for vehicles according to claim 1, said control section asks for a 
presumption time from which percentage reduction of rotational speed is set to 0 further on the occasion of a halt of said 
internal combustion engine for vehicles, and a configuration according to claim 2 is characterized by controlling 
percentage reduction of said rotational speed so that the angular position of said generator motor turns into said 
predetermined criteria angular position at this time. 

[0012] If it does in this way, it will become possible to make it stop with a precision sufficient to the criteria halt angular 
position. 

[0013] A generator motor which consists of a synchronous machine which internal combustion engine starting system 
for vehicles according to claim 3 is combined with an internal combustion engine for vehicles almost without slipping, 
and puts said internal combustion engine for vehicles into operation, An angle sensor which detects the predetermined 
criteria angular position of said internal combustion engine for vehicles, or said generator motor, and calculates the 
angular position of said internal combustion engine for vehicles, or said generator motor based on said criteria angular 
position, In internal combustion engine starting system for vehicles equipped with a control section which controls said 
generator motor, it is characterized by said control section performing energization phase control to said generator 
motor based on a predetermined phase angle of said generator motor equivalent to the maximum ****** angle of said 
internal combustion engine for vehicles. 

[0014] Stopping in an engine angular-position range (the center point being called the maximum ****** angle) 
predetermined by 90% or more of probability is known for the usual internal combustion engine. Since pumping loss 
becomes large rapidly when one of the pistons of each gas column serves as the second half of a compression stroke, 
this is for not arriving at this field with small inertia energy in front of an engine shutdown. 

[0015] So, in this invention, the Rota angular position of a generator motor corresponding to the maximum ****** 
angle of this engine is beforehand set as a predetermined value, and Sanso Electric child current is energized with the 
optimal current phase for this Rota angular position on the occasion of engine starting. In almost all cases, a generator 
motor can be driven without a phase shift if it does in this way. 

[0016] A configuration according to claim 4 is further characterized by being set as said criteria angular position or the 
immediately after location by said criteria halt angular position in internal combustion engine starting system for 
vehicles according to claim 3. 

[001 7] That is, Rota of a generator motor is [ a point of an angle sensor detecting the criteria angular position and 
generating a pulse signal, or ] immediately after [ the ] (an engine and a generator motor are stopped in a location 
rotated to an engine hand of cut only (it is less than 5 times at an electrical degree suitably).). 
[0018] If it does in this way, since an angle sensor will detect the criteria angular position immediately after engine 
starting, an armature current phase in this criteria angular position can be set as an optimum value, a phase presumption 
error of the armature current can be reduced, and generating torque of a generator motor can be optimized. 
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[0019] In addition, in engine starting, rotational speed (angular velocity is sufficient) shows a upward tendency 
modulated by the angle change property of engine pumping torque at a period after detecting the criteria angular 
position whose angle sensor is die first time as mentioned above until it detects the following criteria angular position. 
Therefore, if the present angular position is presumed based on a rotational-speed (angular velocity)-time amount 
property memorized beforehand, an angle presumption error can be reduced at a period until it detects the following 
criteria angular position from this first criteria angular position. 
[0020] 

[Embodiment of the Invention] The suitable embodiment of this invention is explained with reference to the following 

examples. 

[0021] 

[Example 1] (Configuration) Drawing 1 is the block diagram of the power train of the hybrid car which applied the 
internal combustion engine starting system for vehicles of this example. 

[0022] the generator motor with which an internal combustion engine (engine) consists in 1, and an internal combustion 
engine's 1 output shaft and 3 consist of a synchronous machine in 2, and 4 - for a wheel and 7, as for a magnetic pole 
sensor and 9, a controller (control section) and 8 are [ a clutch and 5 / transmission and 6 / a battery and 10 ] inverters. 
[0023] A generator motor 3 has Rota 31 directly linked with an internal combustion engine's 1 crankshaft 2, and the 
stator 32 to which inner skin separates a small gap to the peripheral face of this Rota 31, and meets it. Having the 
permanent magnet each other fixed to Rota 31 alternately with polarity the hoop direction fixed angle period, the stator 
32 has the Sanso Electric child coil around which the slot was looped. Since this kind of the magnet Rota mold three 
phase synchronous machine itself is common knowledge, explanation is omitted. Rota 31 is connected with the wheel 6 
through a clutch 4 and transmission 5. 

[0024] The Sanso Electric child coil of a generator motor 3 is wired possible [ a battery 9 and power transfer ] through 
the three phase inverter circuit (inverter) 10. 

[0025] The controller (control section) 7 contains the engine control system which controls an internal combustion 
engine 1, and the inverter controller which controls an inverter 10. Since an engine control system, an inverter, and the 
inverter controller itself are the same configurations as the former, it omits explanation. 

[0026] A magnet has Rota fixed at intervals of hoop direction predetermined, and the stator which met and was prepared 
in the pole face of the magnet of this Rota, and the magnetic pole sensor 8 has the structure where the three phase coil 
was **(ed) by the stator. Therefore, if Rota of the magnetic pole sensor 8 rotates, three-phase-alternating-current voltage 
will be guided to this three phase coil, and this three-phase-alternating-current voltage will be changed into a three phase 
pulse voltage, i.e., U phase pulse voltage, V phase pulse voltage, and W phase pulse voltage (refer to drawing 2 ) by the 
circuit of magnetic pole sensor 8 built-in. If binarization of the alternating voltage is carried out, whenever it will rotate 
60 electrical angles, the edge of one of phase pulse voltages occurs. 

[0027] In this example, as shown in drawing 2 , the zero crossing point from which U phase armature current of a 
generator motor 3 becomes + after that is set as the rising edge of U phase pulse voltage. The zero crossing point from 
which U phase armature current of a generator motor 3 becomes - after that is set as the falling edge of U phase pulse 
voltage. Similarly the zero crossing point from which V phase armature current of a generator motor 3 becomes + after 
that is set as the rising edge of V phase pulse voltage. The zero crossing point from which V phase armature current of a 
generator motor 3 becomes - after that is set as the falling edge of V phase pulse voltage. The zero crossing point from 
which W phase armature current of a generator motor 3 becomes + after that is set as the rising edge of W phase pulse 
voltage, and the zero crossing point from which W phase armature current of a generator motor 3 becomes - after that is 
set as the falling edge of W phase pulse voltage. Since the magnetic pole sensor 8 above itself is common knowledge, 
still more detailed explanation is omitted. In addition, the magnetic pole sensor 8 may be built in a generator motor 3. 
[0028] (Basic control of a generator motor 3) Basic control actuation of the generator motor 3 performed by this 
controller 7 is explained below. 

[0029] The accelerator pedal inputted and a brake pedal step on a controller 7, and based on SOC of an angle or a 
battery 9, it calculates required generating torque value (it is electric torque at the time of torque assistance), and 
controls an internal combustion engine's 1 fuel oil consumption, and the PWM control duty ratio of an inverter 10 based 
on these values. 

[0030] In addition, an inverter 10 determines the PWM duty ratio of the inverter 10 which is equivalent to the amplitude 
of this armature current based on the generating torque value which determined and asked for the phase of the armature 
current of a stator 32 based on angle of rotation of Rota 3 1 to the stator 32 computed on the basis of the output pulse 
signal of the magnetic pole sensor 8. 

[0031] The angle-of-rotation calculation method of Rota 31 based on the output pulse signal which the magnetic pole 
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sensor 8 made by the controller 7 outputs periodically is explained further. 

[0032] Furthermore, if it explains in detail, an inverter 10 will be opened [ a controller 7 ] and closed so that the Sanso 
Electric child current of an inverter 10 may serve as the amplitude equivalent to generating torque value, and the three- 
phase-alternating-current current wave form where it has the above-mentioned phase, in false. In order to generate a 
three-phase-alternating-current current wave form, the unit clock time amount which did M division into equal parts of 
the time amount between two edges in front of the output pulse signal of the magnetic pole sensor 8 (equivalent to the 
electrical angles 2pi/3) is found. What is necessary is to calculate the sinusoidal instantaneous value per unit torque of 
each phase armature current for every unit clock time amount progress from the point crossing [ 0 ] each from memory, 
to hang torque-coefficient (generating torque value / unit torque value) K on this sinusoidal instantaneous value, and just 
to consider as the PWM duty ratio of each unit clock period. In this example, the phase of Rota 3 1 of the generator 
motor 3 in the case of making into the point of Sanso Electric child current crossing [ 0 ] the edge of the three phase 
pulse voltage outputted from the magnetic pole sensor 8 and Sanso Electric child current is set as the phase from which 
electric torque serves as max. 

[0033] Thereby, the greatest electric torque can be generated by performing the above-mentioned control. Control of 
generating torque value is interlocked with change of pedal ******, and the above-mentioned PWM duty ratio can be 
changed, or it can control and change the time delay of the edge of a three phase pulse voltage, and the point of Sanso 
Electric child current crossing [ 0 ]. 

[0034] The above-mentioned unit clock time amount may be found over the time amount T (equivalent to electrical 
angle pi / 3) between the edges of the time amount rate of change between edges seen from the change orientation of the 
time amount between the edges of last a large number (equivalent to electrical angle pi / 3), and two a large number in 
front of the above. 

[0035] Since the above-mentioned control itself is already known, still more detailed explanation is omitted. 
[0036] (Engine shutdown control) With reference to the timing chart which shows basic control actuation of the 
generator motor 3 performed by this controller 7 to the flow chart shown in drawing 3 , and drawing 2 , it explains 
below. 

[0037] If an engine shutdown command is inputted from the outside, an engine will be slowed down, the routine shown 
in drawing 3 being performed, setting the PWM duty ratio of an inverter 10 to 0 (or regenerative braking deed), carrying 
out the close by-pass bulb completely of the throttle valve, and using fuel oil consumption as 0 (SI 00). This slows down 
an engine 1 quickly by the friction loss and pumping loss, and also various friction losses. 

[0038] Next, a rotational-speed value is calculated as the inverse number of the time interval between the edges of the 
output pulse signal inputted from the magnetic pole sensor 8 (SI 02), and the percentage reduction of rotational speed is 
calculated from the last rotational-speed value and this rotational-speed value (SI 04). 

[0039] Next, the time of extending the percentage reduction of this rotational speed and rotational speed being set to 0 is 
presumed, and the halt angular position of the generator motor 3 at this time is predicted (SI 06). 
[0040] Next, the difference of this halt angular position and the criteria halt angular position set up beforehand is 
searched for (SI 08), according to the magnitude of this difference, a generator motor 3 is operated in the electric mode 
or generation-of-electrical-energy mode, and rotational-speed percentage reduction is corrected so that this difference 
may be set to 0 (SI 10). 

[0041] next, rotational speed - below a predetermined threshold - and it detects whether the edge (this example falling 
< edge of V phase pulse voltage) of the output pulse signal in front of the above-mentioned criteria halt angular position 
was outputted from the magnetic pole sensor 8, otherwise, returns to step 102 at return and the main routine which will 
judge a generator motor 3 to be what is stopped to the criteria halt angular position if it comes out so and is, and is not a 
drawing example (SI 12). 

[0042] Since U phase output pulse signal can carry out a rising edge (or just before that) setup of the angular position of 
the generator motor 3 at the time of an engine shutdown whenever it does in this way, it can determine without a 
matching mistake of the energization phase of the beginning to the Sanso Electric child coil of a generator motor 3 at the 
time of the next engine starting. 

[0043] That is, in this example, an engine is stopped by the angular position of the rising edge of U phase pulse voltage 
based on the three phase pulse voltage outputted from the magnetic pole sensor 8. Specifically, they are two or more 
phase periods in front of the rising edge of this U phase output pulse signal (during the period between contiguity 
edges). Predict the time of asking electrical angle pi / 3 for the rotational frequency percentage reduction which can be 
set fairly, and a rotational frequency being set to 0, presume the electrical degree value of the generator motor 3 at this 
time, and rotational-speed percentage reduction is controlled based on it. The attenuation factor of the engine speed in 
these phase periods is controlled in agreement with the criteria halt angular position (rising edge of U phase output pulse 
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signal) in the halt angular position of a generator motor 3. If energization of three-phase-altemating-current current is 
started from the angular position (henceforth zero electrical angle) from which U phase current will become + about the 
next engine starting exceeding the point crossing [ 0 ] if it does in this way, most phase errors can be abolished. 
[0044] In addition, an engine shutdown location is good also as a point just behind the angular position of this electrical 
angle 0. A predetermined phase can be energized until it detects the falling edge of W phase output pulse signal after 
that on the basis of this, since current will be passed in the state of the phase of the last of the phase period from 300 
electrical degrees to 360 degrees, a crankshaft will be rotated and the magnetic pole sensor 8 will output the rising edge 
of U phase output pulse signal immediately, if it does in this way. 

[0045] Moreover, the angular position from which U phase armature current serves as maximum may be made to 
suspend an engine 1 . If it does in this way, the phase matching of the generator motor 3 immediately after engine 
starting is realizable by adopting the energization phase in the mode (in the condition of having turned on U Aigami arm 
element of an inverter 10, and V and the bottom arm element of W phase) in which U phase armature current serves as 
max on the occasion of engine starting. 

[0046] (Deformation mode) Although the generator motor 3 was controlled by the above-mentioned example and the 
electrical degree location of the generator motor 3 at the engine shutdown time was compulsorily made in agreement 
with the criteria halt angular position in it, an engine 1 stops in a location whenever [ almost same crank angle ] by 90% 
or more of probability. Therefore, if it energizes to a generator motor 3 on the occasion of engine starting from the 
electrical degree location of the generator motor 3 equivalent to this angular position, even if it does not perform control 
at the time of a halt of a generator motor in almost all cases, mismatching of the energization phase at the time of engine 
starting is avoidable. Moreover, even when carrying out energization control of the generator motor 3 at the time of an 
engine shutdown, the amount of energization can be made into min. 

[0047] (Deformation mode) In addition to this as a magnetic pole sensor, the thing using various rotary converters and 
angle sensors, for example, hall device, is employable. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 3 ] 
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[Translation done.] 
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